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(57) ABSTRACT 

An antenna apparatus includes: a circuit board that has a 
main surface and a rear surface opposite to each other; an 
antenna element that is formed of a metal plate and is 
arranged at a predetermined distance from the main surface 
of the circuit board; a plurality of legs that extend from the 
antenna element toWard the circuit board; a ground conduc 
tor that is formed on the main surface or the rear surface of 
the circuit board; a feeding pin that supplies poWer from the 
circuit board to the antenna element; and a plurality of 
comb-shaped capacitor patterns that are formed on one of or 
both the main surface and the rear surface of the circuit 
board and are electrically connected between the plurality of 
legs and the ground conductor. 

51 f 



Patent Application Publication Mar. 27, 2008 Sheet 1 0f 13 US 2008/0074327 A1 

FIG. 1 



Patent Application Publication Mar. 27, 2008 Sheet 2 0f 13 US 2008/0074327 A1 

FIG. 2 

Q 

25 22 20a 21 40b 40 41 40a 25 24 

_\_ , ) \\ \ 

24x4 6 
~ 22 

4034 FALL.) 
41*“ ‘ 4 42 42 

404“ K 

40b 

42 f2? 42 V 

( ../40a 
(-—-—4 ~25 

22 1 II [I H || || ~24 

J 
24 25 40a 41 40 40b 22 



Patent Application Publication Mar. 27, 2008 Sheet 3 0f 13 US 2008/0074327 A1 

FIG. 3 

27 61 20b / 
26 45-1?) 4)1 40 4;)b 2):; 42 

i 



Patent Application Publication Mar. 27, 2008 Sheet 4 0f 13 US 2008/0074327 A1 

FIG. 4 

@~ 22 



Patent Application Publication Mar. 27, 2008 Sheet 5 0f 13 US 2008/0074327 A1 

FIG. 6 

’ \ 

125 161 104 105 



Patent Application Publication Mar. 27, 2008 Sheet 6 0f 13 US 2008/0074327 A1 

FIG. 8 



Patent Application Publication Mar. 27, 2008 Sheet 7 0f 13 US 2008/0074327 A1 

FIG. 10 

FIG. 1 1 
201 

/ 

203‘ '2/o5 I 206 A 
\ / 5L _.i__ 

F n _| Pi ‘ 261 
‘\ 



Patent Application Publication Mar. 27, 2008 Sheet 8 0f 13 US 2008/0074327 A1 

FIG. 12 

202 / 

/221 

224 
4:225a 
/261 

FIG. 13 



Patent Application Publication Mar. 27, 2008 Sheet 9 0f 13 US 2008/0074327 A1 

FIG. 14 

FIG. 15 



Patent Application Publication Mar. 27, 2008 Sheet 10 0f 13 US 2008/0074327 A1 

FIG. 16 

210 

/ 205 
/ W 

/_7206 
/261 

/ 271 
l ‘4/202 

204 



Patent Application Publication Mar. 27, 2008 Sheet 11 0f 13 US 2008/0074327 A1 

FIG. 17 

FIG. 18 



Patent Application Publication Mar. 27, 2008 Sheet 12 0f 13 US 2008/0074327 A1 

FIG. 19 

306 / 303 §05 

322 302 

323 



Patent Application Publication Mar. 27, 2008 Sheet 13 0f 13 US 2008/0074327 A1 

FIG. 21A M 
306 

\ 
361 

306 

FIG. 21 B W322 /302 
a < 3 

FIG. 21 C 306 

. £02 



US 2008/0074327 A1 

ANTENNA APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 
[0002] The present invention relates to an antenna appa 
ratus, and more particularly, to a small planar antenna 
apparatus used as a global positioning system (GPS) 
antenna. 

[0003] 2. RelatedArt 
[0004] As knoWn in this technical ?eld, a GPS (global 
positioning system) measures the position of an object using 
a satellite. The GPS receives radio Waves (GPS signals) 
from four or more satellites among 24 satellites that orbit the 
earth, measures the positional relationship betWeen a mov 
ing object and the satellites and a time error therebetWeen 
using the received radio Waves, and accurately calculates the 
position and altitude of the moving object on the map using 
triangulation. 
[0005] In recent years, the GPS has come into Widespread 
use for car navigation systems for detecting the position of 
a traveling vehicle. The car navigation system includes a 
GPS antenna for receiving GPS signals, a processing unit 
that processes the GPS signals received through the GPS 
antenna to detect the current position of a vehicle, and a 
display unit that displays the position detected by the 
processing unit on the map. 
[0006] MeanWhile, in recent years, With the development 
of small communication apparatuses (for example, a GPS 
car navigation apparatus, a portable navigation apparatus, 
and a satellite receiver), such as mobile communication 
apparatuses, antenna apparatuses having a small siZe and a 
high performance have been demanded. 
[0007] Among the antenna apparatuses, a planar antenna 
apparatus (for example, a circularly polariZed Wave patch 
antenna) has the advantages of a small thickness, a small 
siZe, and easy integration With a semiconductor circuit. 
Therefore, the planar antenna apparatus is Widely used as an 
antenna for a small communication apparatus. 

[0008] The planar antenna apparatus including a circularly 
polariZed Wave antenna element and a circuit board having 
a loW noise ampli?er (LNA) on a rear surface thereof has 
been proposed (for example, see Patent Documents 1, 3 and 
4). The circularly polariZed Wave antenna element is com 
posed of a so-called patch antenna element. The circularly 
polariZed Wave antenna element includes a dielectric sub 
strate that is formed of a high dielectric material such as 
ceramic. Aradiating element is provided on the front surface 
of the dielectric substrate, and a ground pattern is formed on 
the rear surface of the dielectric substrate. A pinhole is 
formed in the dielectric substrate so as to pass through the 
dielectric substrate from the front surface to the rear surface. 
A feeding pin for connecting the radiating element and the 
circuit board is inserted into the pinhole. In the planar 
antenna apparatus having the above-mentioned structure, the 
dielectric substrate formed of a high dielectric material 
makes it possible to ensure the capacitance of the antenna, 
and thus it is possible to loWer a resonance frequency and 
reduce the siZe of the planar antenna apparatus. 
[0009] As another planar antenna apparatus, a metal plate 
patch antenna having an antenna element (a radiating con 
ductor plate) that is formed of a metal plate has been 
proposed. The metal plate patch antenna can be manufac 
tured at a loWer cost than a general planar antenna apparatus 
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having a radiating conductor layer (radiating element) that is 
patterned on a dielectric substrate. 
[0010] The metal plate patch antenna having the folloWing 
structure has been proposed: it includes a ground conductor, 
a dielectric substrate (a circuit board) that has a plurality of 
solder lands and is provided on the ground conductor, a 
radiating conductor plate that is provided above the dielec 
tric substrate (the circuit board) at a predetermined distance 
therefrom, and a plurality of legs that extend from the 
radiating conductor plate toWard the dielectric substrate (the 
circuit board); and the plurality of legs are soldered to the 
corresponding solder lands to support the radiating conduc 
tor plate (for example, see Patent Document 2). In the planar 
antenna apparatus (the metal plate patch antenna) having the 
above-mentioned structure, the plurality of legs extending 
from the radiating conductor plate toWard the dielectric 
substrate (the circuit board) are soldered to the solder lands, 
and the solder lands are opposite to the ground conductor 
With the dielectric substrate (the circuit board) interposed 
therebetWeen. Therefore, capacitors are formed by capaci 
tances betWeen the solder lands and the ground conductor. 
As a result, the resonance frequency is loWered, and thus it 
is possible to reduce the siZe of the radiating conductor plate. 
[0011] [Patent Document 1] JP-A-200l-339232 
[0012] [Patent Document 2] JP-A-2005-143027 
[0013] [Patent Document 3] JP-A-200l-339233 
[0014] [Patent Document 4] JP-A-200l-339234 
[0015] HoWever, the high dielectric material, such as 
ceramic, is heavy and expensive. Therefore, as described in 
Patent Documents 1, 3 and 4, When the high dielectric 
material, such as ceramic, is mounted on a small planar 
antenna apparatus, the overall Weight of the antenna appa 
ratus increases, and the manufacturing costs thereof also 
increase. 
[0016] MeanWhile, in the planar antenna apparatus (the 
metal plate patch antenna) disclosed in Patent Document 2, 
the siZe of the radiating conductor plate is reduced, but the 
capacitance value changes due to a variation in the amount 
of solder used and a variation in soldering area. As a result, 
the planar antenna apparatus (the metal plate patch antenna) 
disclosed in Patent Document 2 has problems in that the 
antenna resonance frequency varies and stable frequency 
characteristics are not obtained. 

[0017] In addition, electrodes (lands) may be formed on 
the front surface (main surface) and the rear surface of the 
circuit board in order to increase the capacitance. HoWever, 
in this structure, it is necessary to increase the areas of the 
electrodes (lands) in order to increase the capacitance value 
and improve the effect of shortening a Wavelength, Which 
results in an increase in the siZe of the substrate. 

SUMMARY 

[0018] Accordingly, an object of the invention is to pro 
vide an antenna apparatus having a small siZe, light Weight, 
a loW manufacturing cost, and suf?cient capacitance. 
[0019] Another object of the invention is to provide an 
antenna apparatus capable of preventing a variation in 
antenna resonance frequency and obtaining stable frequency 
characteristics. 
[0020] According to a ?rst aspect of the invention, an 
antenna apparatus (10) includes: a circuit board (20; 20A) 
that has a main surface (20a) and a rear surface (20b) 
opposite to each other; an antenna element (50) that is 
formed of a metal plate and is arranged at a predetermined 
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distance from the main surface of the circuit board; a 
plurality of legs (60) that extend from the antenna element 
toward the circuit board; a ground conductor (21) that is 
formed on the main surface or the rear surface of the circuit 

board; a feeding pin (30) that supplies poWer from the circuit 
board to the antenna element; and a plurality of comb 
shaped capacitor patterns (40) that are formed on one of or 
both the main surface and the rear surface of the circuit 
board and are electrically connected betWeen the plurality of 
legs and the ground conductor. 
[0021] The antenna apparatus according to the above 
mentioned aspect, preferably, the plurality of legs (60) are 
arranged so as to be symmetric With respect to a center of the 
antenna element (50), and the plurality of comb-shaped 
capacitor patterns (40) are provided so as to correspond to 
the plurality of legs (60). The ground conductor (21) may be 
formed on the main surface (20a) of the circuit board (20). 
In this case, the antenna apparatus (10) may include a loW 
noise ampli?er (70) that is formed on the rear surface (20b) 
of the circuit board (20). The plurality of comb-shaped 
capacitor patterns (40) may be formed on both the main 
surface (20a) and the rear surface (20b) of the circuit board 
(20), or it may be formed on the rear surface (20b) of the 
circuit board (20A). 
[0022] However, the numerical numbers in parentheses 
are given for the purpose of better comprehension of the 
invention, but are just illustrative examples. The invention is 
not limited thereto. 

[0023] The antenna apparatus according to the above 
mentioned aspect of the invention does not use a high 
dielectric material, such as ceramic, and includes an antenna 
element, a circuit board, a ground conductor, and a feeding 
pin. Therefore, it is possible to reduce the number of parts, 
the siZe and Weight of the apparatus, and manufacturing 
costs thereof. In addition, since the ground conductor and 
the legs of the antenna element are electrically connected to 
each other through the comb-shaped capacitor patterns, it is 
possible to ensure sufficient capacitance Without using a 
high dielectric material such as ceramic. Further, since the 
comb-shaped capacitor patterns are provided in order to 
ensure the capacitance, is it possible to arbitrarily set the 
capacitance value. Furthermore, since the comb-shaped 
capacitor patterns, not chip capacitors, are used, it is possible 
to prevent a variation in capacitance, and thus prevent a 
variation in antenna resonance frequency. As a result, it is 
possible to obtain stable frequency characteristics. 
[0024] In order to achieve at least one of the above 
mentioned object, according to a second aspect of the 
invention, an antenna apparatus includes: a dielectric sub 
strate; an antenna element that is formed of a metal plate and 
is arranged at a predetermined distance from the dielectric 
substrate; a plurality of legs that extend from the antenna 
element toWard the circuit board; and chip capacitors each of 
Which is electrically connected to one of the plurality of legs 
and the dielectric substrate. 

[0025] According to the second aspect of the invention, 
the dielectric substrate and the legs of the antenna element 
are electrically connected to each other through the chip 
capacitors. 
[0026] According to the second aspect of the invention, 
the antenna apparatus includes the antenna element and the 
dielectric substrate Without using a high dielectric material, 
such as ceramic. Therefore, it is possible to reduce the 

Mar. 27, 2008 

number of parts, the siZe and Weight of the apparatus, and 
the manufacturing costs of the apparatus. 
[0027] Further, the dielectric substrate and the legs of the 
antenna element are connected to each other through the 
chip capacitors. Therefore, it is possible to ensure sufficient 
capacitance Without using a high dielectric material, such as 
ceramic. 
[0028] In the antenna apparatus according to the second 
aspect, preferably, the plurality of legs are arranged so as to 
be symmetric With respect to a center of the antenna ele 
ment, and the chip capacitors are provided so as to corre 
spond to the plurality of legs. 
[0029] According to the antenna apparatus, the chip 
capacitors are provided so as to correspond to the legs that 
are symmetric With respect to the center of the antenna 
element, and the legs are electrically connected to the 
dielectric substrate through the corresponding chip capaci 
tors. 

[0030] According to the antenna apparatus, since the legs 
are symmetric With respect to the center of the antenna 
element, the performance of the antenna apparatus is stabi 
liZed. In addition, since the chip capacitors are provided so 
as to correspond to the legs, it is possible to ensure sufficient 
capacitance Without using a high dielectric material, such as 
ceramic. Further, since the chip capacitors are symmetrically 
arranged, the performance of the antenna apparatus is sta 
biliZed. 
[0031] In the antenna apparatus according to the second 
aspect, preferably, a conductor layer having a circuit formed 
thereon and conductive portions insulated from the conduc 
tor layer are provided on the dielectric substrate, and one end 
of each of the legs is connected to the corresponding 
conductive portion. In addition, preferably, each of the chip 
capacitors is provided so as to be connected to both one end 
of the conductive portion and the conductor layer. 
[0032] According to the antenna apparatus, the ends of the 
legs are connected to the corresponding conductive portions 
formed on the dielectric substrate, and the legs are electri 
cally connected to the conductor layer through the chip 
capacitors that are provided so as to be connected to one end 
of each of the conductive portions and the conductor layer. 
[0033] According to the antenna apparatus, the legs of the 
antenna element are electrically connected to the conductor 
layer of the dielectric substrate through the chip capacitors. 
Therefore, it is possible to ensure sufficient capacitance 
Without using a high dielectric material, such as ceramic. 
[0034] In the antenna apparatus according to the second 
aspect, preferably, insulating portions are provided betWeen 
the conductive portions and the conductor layer of the 
dielectric substrate, and the conductive portion is sur 
rounded by the insulating portion. 
[0035] According to the antenna apparatus, the conductive 
portions and the conductor layer of the dielectric substrate 
are insulated from each other by the insulating portions. 
[0036] According to the antenna apparatus, since the con 
ductive portions and the conductor layer of the dielectric 
substrate are insulated from each other by the insulating 
portions, it is possible to reliably insulate the conductive 
portions from the conductor layer. 
[0037] In order to achieve at least one of the above 
mentioned object, according to a third aspect of the inven 
tion, an antenna apparatus includes: a dielectric substrate 
that has a conductor layer on one surface; an antenna 
element that is formed of a metal plate and is arranged at a 
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predetermined distance from the dielectric substrate; and a 
plurality of legs that extend from the antenna element 
toWard the dielectric substrate. In the antenna apparatus, the 
legs have bent portions facing the dielectric substrate With a 
predetermined gap interposed therebetWeen at leading ends 
thereof. 
[0038] According to the third aspect of the invention, 
capacitors are formed betWeen the dielectric substrate and 
the bent portions that are provided at the ends of the legs so 
as to face the dielectric substrate. 

[0039] According to the third aspect of the invention, a 
Wavelength can be reduced, and thus it is possible to reduce 
the siZe of an antenna apparatus. 

[0040] In addition, since the dielectric substrate is coupled 
to the antenna element by a method that does not affect a 
capacitance value unlike soldering, it is possible to prevent 
a variation in capacitance and thus stabiliZe frequency 
characteristics of an antenna apparatus. 

[0041] Preferably, the antenna apparatus further includes 
chip capacitors each of Which is provided on the dielectric 
substrate so as to be electrically connected to one of the legs. 

[0042] According to the antenna device, the dielectric 
substrate and the legs of the antenna element are electrically 
connected to each other by the chip capacitors. 
[0043] According to the antenna device, since the dielec 
tric substrate is connected to the legs of the antenna element 
by the chip capacitors, it is possible to shorten a Wavelength 
Without increasing the siZe of a substrate, and thus reduce 
the size of an antenna apparatus. 
[0044] Preferably, the antenna apparatus further includes a 
holder that is provided betWeen the bent portions and the 
dielectric substrate. 
[0045] According to the antenna apparatus, since the 
holder is interposed betWeen the bent portions and the 
dielectric substrate, it is possible to ?rmly support the 
antenna element. 

[0046] According to the antenna device, it is possible to 
reinforce the mechanical strength of an antenna apparatus. 
[0047] In the antenna apparatus, preferably, the holder is 
formed of a dielectric resin. 

[0048] According to the antenna apparatus, since the 
holder is formed of a material having a dielectric constant, 
the holder can be used as a dielectric material. 

[0049] According to the antenna apparatus, since the 
holder is formed of a material having a dielectric constant, 
it is possible to use the holder as a dielectric material in 
addition to a member for ?xing the bent portions. 
[0050] In order to achieve at least one of the above 
mentioned object, according to a fourth aspect of the inven 
tion, an antenna apparatus includes: a dielectric substrate; an 
antenna element that is formed of a metal plate and is 
arranged at a predetermined distance from the dielectric 
substrate; and a plurality of legs that extend from the antenna 
element toWard the dielectric substrate and include ?xing 
portions passing through the dielectric substrate. In the 
antenna apparatus, the antenna element is ?xed to the 
dielectric substrate by tWisting the ?xing portions. 
[0051] According to the fourth aspect of the invention, the 
?xing portions of the legs passing through the dielectric 
substrate are tWisted to ?x the antenna element to the 
dielectric substrate. Therefore, it is possible to couple the 
antenna element to the dielectric substrate Without increas 
ing the number of parts. 

Mar. 27, 2008 

[0052] According to the antenna apparatus, the antenna 
element and the dielectric substrate are integrated into one 
body, and thus a variation in capacitance is reduced. As a 
result, it is possible to stabiliZe frequency characteristics of 
an antenna apparatus. 

[0053] In addition, since the number of parts does not 
increase, it is possible to manufacture an inexpensive 
antenna apparatus. 
[0054] The antenna apparatus, preferably, further includes 
chip capacitors each of Which is provided on the dielectric 
substrate so as to be electrically connected to one of the legs. 

[0055] According to the antenna apparatus, the dielectric 
substrate and the legs of the antenna element are electrically 
connected to each other by the chip capacitors. 
[0056] According to the antenna apparatus, since the 
dielectric substrate is connected to the legs of the antenna 
element by the chip capacitors, it is possible to shorten a 
Wavelength Without increasing the siZe of a substrate, and 
thus reduce the siZe of an antenna apparatus. 
[0057] In the antenna apparatus, preferably, the Width of 
the ?xing portion is larger than that of the leg. 
[0058] According to the antenna apparatus, since the 
Width of the ?xing portion of the leg passing through the 
dielectric substrate is larger than the Width of the leg, large 
?xing portions for coupling the dielectric substrate to the 
antenna element are formed. 

[0059] According to the antenna apparatus, since the ?x 
ing portions for ?xing the antenna element to the dielectric 
substrate have a large siZe, it is possible to manufacture an 
antenna apparatus having improved coupling strength. 
[0060] In the antenna apparatus, preferably, the ?xing 
portion has a cut-out portion, and the ?xing portion is 
tWisted at the cut-out portion. 
[0061] According to the antenna apparatus, since each 
?xing portion has the cut-out portion, it is possible to keep 
a constant distance betWeen the dielectric substrate and the 
antenna element. 

[0062] According to the antenna apparatus, it is possible to 
maintain a constant distance betWeen the antenna element 
and the dielectric substrate. As a result, it is possible to easily 
manufacture an antenna apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] FIG. 1 is a perspective vieW illustrating an antenna 
apparatus according to a ?rst embodiment of the invention. 
[0064] FIG. 2 is a plan vieW (top vieW) illustrating a 
circuit board used for the antenna apparatus shoWn in FIG. 
1. 
[0065] FIG. 3 is a bottom vieW illustrating the circuit 
board used for the antenna apparatus shoWn in FIG. 1. 
[0066] FIG. 4 is an enlarged top vieW (plan vieW) illus 
trating a corner of an upper surface of a circuit board used 
for an antenna apparatus according to a second embodiment 
of the invention. 
[0067] FIG. 5 is an enlarged bottom vieW illustrating a 
corner of a loWer surface of the circuit board used for the 
antenna apparatus according to the second embodiment of 
the invention. 

[0068] FIG. 6 is a perspective vieW illustrating an antenna 
apparatus according to a third embodiment of the invention. 
[0069] FIG. 7 is a bottom vieW illustrating the antenna 
apparatus shoWn in FIG. 6. 
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[0070] FIG. 8 is an enlarged vieW illustrating a portion of 
an upper surface of a dielectric substrate of the antenna 
apparatus shown in FIG. 6. 
[0071] FIG. 9 is an enlarged vieW illustrating a portion of 
a loWer surface of the dielectric substrate of the antenna 
apparatus shoWn in FIG. 6. 
[0072] FIG. 10 is a perspective vieW illustrating an 
antenna apparatus according to a fourth embodiment of the 
invention. 
[0073] FIG. 11 is a side vieW illustrating the antenna 
apparatus shoWn in FIG. 10. 
[0074] FIG. 12 is a cross-sectional vieW of the antenna 
apparatus taken along the line A-A of FIG. 11. 
[0075] FIG. 13 is an exploded perspective vieW illustrat 
ing an antenna apparatus according to a ?fth embodiment of 
the invention. 
[0076] FIG. 14 is an exploded perspective vieW illustrat 
ing the antenna apparatus shoWn in FIG. 13, as vieWed from 
the bottom. 
[0077] FIG. 15 is a perspective vieW illustrating the 
antenna apparatus according to the ?fth embodiment of the 
invention. 
[0078] FIG. 16 is a side vieW illustrating the antenna 
apparatus shoWn in FIG. 15. 
[0079] FIG. 17 is a perspective vieW illustrating an 
antenna apparatus according to a sixth embodiment of the 
invention. 
[0080] FIG. 18 is a perspective vieW illustrating the 
antenna apparatus shoWn in FIG. 17, as vieWed from the 
bottom. 
[0081] FIG. 19 is a side vieW of the antenna apparatus 
shoWn in FIG. 17. 
[0082] FIG. 20 is a bottom vieW illustrating the antenna 
apparatus shoWn in FIG. 17. 
[0083] FIG. 21A is a front vieW illustrating a leg of the 
antenna apparatus according to the sixth embodiment of the 
invention. 
[0084] FIG. 21B is a front vieW illustrating a leg of an 
antenna apparatus according to a modi?cation of the sixth 
embodiment of the invention. 
[0085] FIG. 21C is a front vieW illustrating a leg of an 
antenna apparatus according to another modi?cation of the 
sixth embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0086] Hereinafter, exemplary embodiments of the inven 
tion Will be described in detail With reference to the accom 
panying draWings. 

First Embodiment 

[0087] An antenna apparatus 10 according to a ?rst 
embodiment of the invention Will be described With refer 
ence to FIGS. 1 and 2. FIG. 1 is a perspective vieW 
illustrating the antenna apparatus 10. FIG. 2 is a top vieW 
illustrating a circuit board 20 used for the antenna apparatus 
10 shoWn in FIG. 1, and FIG. 3 is a bottom vieW illustrating 
the circuit board 20. In FIGS. 1 to 3, forWard and backward 
directions (a depth direction) indicate an X-axis direction, a 
horizontal direction (a Width direction) indicates a Y-axis 
direction, and a vertical direction (a height direction or a 
thickness direction) indicates a Z-axis direction. The 
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antenna apparatus 10 shoWn in FIGS. 1 to 3 is a GPS antenna 
for receiving GPS signals from GPS satellites. 
[0088] As shoWn in FIG. 1, the antenna apparatus 10 
includes the circuit board 20 having a conductor layer 21, 
such as a copper-clad ?lm, on an upper surface (the main 
surface) 20a. The conductor layer 21 serves as a ground 
conductor. The circuit board 20 is formed in a substantially 
rectangular shape. Four clearance holes 22 are provided in 
the vicinities of four corners of the circuit board 20. In 
addition, an insertion hole 23 into Which a feeding pin 30 is 
inserted is provided at a position that slightly deviates from 
the center of the circuit board 20. 
[0089] As shoWn in FIG. 2, conductive portions 24 are 
provided in the circumferences of the corresponding clear 
ance holes 22 so as to surround the clearance holes 22 on the 

upper surface (the main surface) 20a of the circuit board 20. 
Insulating portions 25 are provided in the peripheries of the 
conductive portions 24 and the circumference of the inser 
tion hole 23 so as to surround the conductive portions 24 and 
the insertion hole 23. 

[0090] MeanWhile, as shoWn in FIG. 3, conductive por 
tions 26 are provided in the circumferences of the clearance 
holes 22 and the circumference of the insertion hole 23 so as 
to surround the clearance holes 22 and the insertion hole 23 
on a loWer surface (a rear surface) 20b of the circuit board 
20. Insulating portions 27 are provided in the peripheries of 
the corresponding conductive portions 26 so as to surround 
the conductive portions 26. The periphery of each of the 
insulating portions 27 is covered With a conductor layer 28, 
and a circuit element, such as a loW noise ampli?er (LNA) 
70, is mounted on the conductor layer 28. 
[0091] As shoWn in FIG. 2, comb-shaped capacitor pat 
terns 40 are provided on the upper surface (the main surface) 
20a of the circuit board 20 so as to be connected to one end 
of each of the conductive portions 24. Each of the comb 
shaped capacitor patterns 40 is provided such that one end 
4011 thereof is connected to the conductive portion 24 and the 
other end 40b is connected to the conductor layer (the 
ground conductor) 21, With the insulating portion 25 inter 
posed therebetWeen. Speci?cally, each of the comb-shaped 
capacitor patterns 40 includes ?rst and second comb-shaped 
patterns 41 and 42 that are opposite to each other With the 
insulating portion 25 interposed therebetWeen. The ?rst 
comb-shaped pattern 41 is connected to the conductive 
portion 24 at the one end 40a, and the second comb-shaped 
pattern 42 is connected to the conductor layer (the ground 
conductor) 21 at the other end 40b. The comb-shaped 
capacitor pattern 40 is preferably arranged at a position 
Where the one end 4011 is connected to the conductive 
portion 24 and the other end 40b is connected to the 
conductor layer (the ground conductor) 21, With the insu 
lating portion 25 interposed therebetWeen, but the position 
of the comb-shaped capacitor pattern 40 is not limited 
thereto. 

[0092] Similarly, as shoWn in FIG. 3, comb-shaped 
capacitor patterns 40 are provided on the loWer surface (the 
rear surface) 20b of the circuit board 20 so as to be 
connected to one end of each of the conductive portions 26. 
Each of the comb-shaped capacitor patterns 40 is provided 
such that one end 4011 thereof is connected to the conductive 
portion 26 and the other end 40b is connected to the 
conductor layer 28, With the insulating portion 27 interposed 
therebetWeen. Speci?cally, each of the comb-shaped capaci 
tor patterns 40 includes ?rst and second comb-shaped pat 
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terns 41 and 42 that are opposite to each other With the 
insulating portion 27 interposed therebetWeen. The ?rst 
comb-shaped pattern 41 is connected to the conductive 
portion 26 at the one end 40a, and the second comb-shaped 
pattern 42 is connected to the conductor layer 28 at the other 
end 40b. The comb-shaped capacitor pattern 40 is preferably 
arranged at a position Where the one end 40a is connected to 
the conductive portion 26 and the other end 40b is connected 
to the conductor layer 28, With the insulating portion 27 
interposed therebetWeen, but the position of the comb 
shaped capacitor pattern 40 is not limited thereto. 
[0093] The conductor layer (the ground conductor) 21 and 
the conductor layer 28 are electrically connected to each 
other by a plurality of through holes (not shoWn). 
[0094] The feeding pin 30 is ?tted to the insertion hole 23 
of the circuit board 20 so as to pass through the circuit board 
20. A loWer end of the feeding pint 30 (an end protruding 
from the loWer surface (the rear surface) 20b of the circuit 
board 20) is connected to an input unit of the loW noise 
ampli?er (LNA) 70. An output unit of the loW noise ampli 
?er (LNA) 70 is electrically connected to a central conductor 
of a coaxial cable (not shoWn). An outer conductor of the 
coaxial cable is electrically connected to the conductor layer 
28. Signals are transmitted from the antenna apparatus 10 to 
an external receiving circuit through the coaxial cable. 
[0095] A ?at antenna element 50 is provided above the 
upper surface 20a of the circuit board 20 so as to be parallel 
to the circuit board 20 at a predetermined distance. The 
antenna element 50 is formed of a rectangular metal plate 
(for example, a copper plate) having a smaller siZe than the 
circuit board 20. 
[0096] Legs 60 formed of a metal plate are provided in the 
vicinities of four corners of the antenna element 50 so as to 
extend toWard the circuit board 20. The legs 60 are sym 
metric With respect to the center of the antenna element 50. 
For example, the legs 60 are integrally formed With the 
antennal element 50 by bending portions of the antenna 
element 50. 
[0097] The legs 60 may be substantially symmetric With 
respect to the center of the antenna element 50. The number 
and shape of the legs 60 are not limited to those shoWn in 
FIG. 1. 
[0098] As shoWn in FIGS. 2 and 3, ends of the plurality of 
legs 60 that face the circuit board 20 are ?tted to the 
clearance holes 22 that are provided in the vicinities of the 
corners of the circuit board 20 so that the legs 60 pass 
through the circuit board 20 from the upper surface (the 
main surface) 20a to the loWer surface (the rear surface) 20b. 
[0099] As described above, the edges of the clearance 
holes 22 are surrounded by the conductive portions 26 on the 
loWer surface (the rear surface) 20b of the circuit board 20, 
and portions (hereinafter, referred to as ?xing portions) 61 of 
the legs 30 protruding from the loWer surface (the rear 
surface) 20b of the circuit board 20 are connected to the 
conductive portions 26 and are ?xed thereto by soldering. 
The ?xing portions 61 may be ?xed so as not to come out 
from the clearance holes 22, and the ?xing portions may be 
?xed by various methods other than soldering. 
[0100] As described above, each of the comb-shaped 
capacitor patterns 40 is provided so as to be connected to 
both the conductive portion 26 and the conductor layer 28. 
The ?xing portion 61 of each of the legs 60 is ?xed so as to 
be connected to the conductive portion 26. The conductor 
layer 28 and the conductor layer (the ground conductor) 21 
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are electrically connected to each other by a through hole. 
Similarly, each of the comb-shaped capacitor patterns 40 is 
provided at a position Where the conductive portion 24 and 
the conductor layer (the ground conductor) 21 are connected 
to each other. The ?xing portion 61 of each of the legs 60 is 
connected to the conductive portion 24. Therefore, the ?xing 
portion 61 of each of the legs 60 is electrically connected to 
the conductor layer (the ground conductor) 21 of the circuit 
board 20 through the comb-shaped capacitor pattern 40. 
[0101] In addition, a feeding point 51 is provided at a 
position that slightly deviates from the center of the antennal 
element 50. An upper end of the feeding pin 30 passing 
through the circuit board 20 is soldered to the feeding point 
51. 

[0102] Next, the operation of the antenna apparatus 10 
according to this embodiment of the invention Will be 
described beloW. 

[0103] In the antenna apparatus 10 according to this 
embodiment of the invention, the ends of the plurality of 
legs 60 that are integrally formed With the antenna element 
50 are ?tted to the clearance holes 22 provided in the circuit 
board 20, and portions (?xing portions) 61 of the legs 60 
protruding from the loWer surface of the circuit board 20 are 
soldered and ?xed to the corresponding conductive portions 
26 that are provided on the loWer surface 20b of the circuit 
board 20. In this Way, the ?xing portions 61 are ?xed to the 
circuit board 20 Without coming out from the clearance 
holes 22. In addition, the ?xing portions 61 of the legs 60 are 
electrically connected to the conductor layer (ground con 
ductor) 21 of the circuit board 20 through the comb-shaped 
capacitor patterns 4 that are provided at positions Where one 
end of each of the conductive portions 26 and the conductor 
layer 28 are connected to each other and positions Where one 
end of each of the conductive portions 24 and the conductor 
layer (ground conductor) 21 are connected to each other. 

[0104] Further, one end (loWer end) of the feeding pin 30 
to be connected to the input unit of the loW noise ampli?er 
(LNA) 70 that is formed on the rear surface (loWer surface) 
20b of the circuit board 20 is inserted into the insertion hole 
23 of the circuit board 20, and the other end (upper end) of 
the feeding pint 30 is soldered to the feeding point 51 of the 
antenna element 50 In this Way, the feeding pin 30 passes 
through the circuit board 20 and is connected to the antenna 
element 50, Without being electrically connected to the 
conductor layer (ground conductor) 21 that is formed on the 
upper surface (the main surface) 20a of the circuit board 20. 
[0105] PoWer is supplied to the antenna element 50 
through the feeding pin 30. MeanWhile, When the antenna 
element 50 receives radio Waves (GPS signals), the received 
signals are transmitted to an external receiving circuit 
through the loW noise ampli?er (LAN) 70 or the coaxial 
cable. 

[0106] As described above, in the antenna apparatus 10 
according to this embodiment of the invention, the antenna 
element 50 formed of a conductive plate, such as a metal 
plate, is connected to the circuit board 20, and the antenna 
apparatus 10 does not include a dielectric substrate that is 
formed of a high dielectric material, such as ceramic. 
Therefore, it is possible to decrease the number of parts and 
reduce the overall Weight of the antenna apparatus. In 
addition, since the antenna apparatus does not use ceramic, 
Which is a relatively expensive material, it is possible to 
reduce the manufacturing costs of the antenna apparatus. 
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[0107] Further, in the antenna apparatus 10 according to 
this embodiment of the invention, the ?xing portions 61 of 
the legs 60 are electrically connected to the conductor layer 
(ground conductor) 21 formed on the upper surface 20a of 
the circuit board 20 by the comb-shaped capacitor patterns 
40. In this Way, it is possible to easily ensure large capaci 
tance Without increasing the siZe of the circuit board 20 and 
providing a dielectric substrate formed of a high dielectric 
material, such as ceramic. As a result, it is possible to reduce 
the siZe and Weight of the antenna apparatus 10. 
[0108] Furthermore, since the comb-shaped capacitor pat 
terns 40, not chip capacitors, are used as capacitors, it is 
possible to prevent a variation in capacitance. As a result, it 
is possible to prevent a variation in the antenna resonance 
frequency of the antenna apparatus 10. In addition, it is 
possible to easily adjust a capacitance value. 
[0109] Since the legs 60 are symmetric With respect to the 
center of the antenna element 50, the performance of the 
antenna apparatus 10 is stabiliZed. In addition, since the 
comb-shaped capacitor patterns 40 are provided so as to 
correspond to the legs 60, it is possible to ensure suf?cient 
capacitance Without using a high dielectric material such as 
ceramic. Since the comb-shaped capacitor patterns 40 are 
symmetrically provided, the performance of the antenna 
apparatus 10 is stabiliZed. 
[0110] In this embodiment of the invention, the comb 
shaped capacitor patterns 40 are provided on the upper 
surface 20a and the loWer surface 20b of the circuit board 
20, but the invention is not limited thereto. 

Second Embodiment 

[0111] FIGS. 4 and 5 shoW a circuit board 20A that is used 
for an antenna apparatus according to a second embodiment 
of the invention. FIG. 4 is an enlarged top vieW (a plan vieW) 
illustrating a corner of an upper surface 20a of the circuit 
board 20A, and FIG. 5 is an enlarged bottom vieW illustrat 
ing a corner of a loWer surface 20b of the circuit board 20A. 

[0112] The circuit board 20A shoWn in FIGS. 4 and 5 has 
the comb-shaped capacitor patterns 40 on only the loWer 
surface 20b, unlike the circuit board 20. In FIGS. 4 and 5, 
components having the same functions as those shoWn in 
FIGS. 2 and 3 are denoted by the same reference numerals. 

[0113] As shoWn in FIG. 5, a pair of comb-shaped capaci 
tor patterns 40 are provided so as to be connected to both 
ends of each conductive portion 26 on the loWer surface 
(rear surface) 20b of the circuit board 20A. Each of the 
comb-shaped capacitor patterns 40 is arranged such that one 
end 4011 thereof is connected to the conductive portion 26 
and the other end 40b is connected to the conductor layer 28 
With the insulating portion 27 interposed therebetWeen. 
Speci?cally, each of the comb-shaped capacitor patterns 40 
includes the ?rst and second comb-shaped patterns 41 and 
42 that are opposite to each other With the insulating portion 
27 interposed therebetWeen. The ?rst comb-shaped pattern 
41 is connected to the conductive portion 26 at the one end 
40a, and the second comb-shaped pattern 42 is connected to 
the conductor layer 28 at the other end 40b. Each of the 
comb-shaped capacitor patterns 40 may be provided at a 
position Where the one end 4011 is connected to the conduc 
tive portion 26 and the other end 40b is connected to the 
conductor layer 28 With the insulating portion 27 interposed 
therebetWeen, but the position of each of the comb-shaped 
capacitor patterns 40 is not limited thereto. 
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[0114] As shoWn in FIG. 4, an insulating portion 25 is 
provided on the upper surface (the main surface) 20a of the 
circuit board at a position Where the pair of comb-shaped 
capacitor patterns 40 are opposite to each other. That is, the 
insulating portion 25 is provided in the periphery of the 
corresponding clearance hole 22 so as to surround the 
clearance hole 22. 
[0115] The antenna apparatus including the circuit board 
20A having the above-mentioned structure has the same 
effects and operations as the antenna apparatus 10 according 
to the ?rst embodiment of the invention. 
[0116] Although exemplary embodiments of the invention 
have been described above, the invention is not limited 
thereto. In the above-described embodiments, the ground 
conductor 21 is formed on the upper surface (the main 
surface) 20a of the circuit board, but the invention is not 
limited thereto. For example, the ground conductor 21 may 
be formed on the loWer surface (the rear surface) 20b of the 
circuit board. In this case, a circuit element, such as the loW 
noise ampli?er (LNA) 70, is mounted on the upper surface 
(the main surface) 20a of the circuit board. In addition, in the 
above-described embodiments, the comb-shaped capacitor 
patterns 40 are formed on both surfaces (the main surface 
and the rear surface) of the circuit board or only the rear 
surface 20b of the circuit board, but the invention is not 
limited thereto. For example, the comb-shaped capacitor 
patterns 40 may be formed on only the main surface 20a of 
the circuit board. Further, the comb-shaped capacitor pat 
terns 40 may be covered With a resist (insulating ?lm), or the 
resist covering the comb-shaped capacitor patterns 40 may 
be peeled off. 

Third Embodiment 

[0117] Hereinafter, a third embodiment of the invention 
Will be described With reference to FIGS. 6 to 9. HoWever, 
the scope of the invention is not limited thereto. 
[0118] FIG. 6 is a perspective vieW illustrating an antenna 
apparatus 101 according to the third embodiment of the 
invention. FIG. 7 is a bottom vieW illustrating the antenna 
apparatus 101 shoWn in FIG. 6. FIG. 8 is an enlarged vieW 
illustrating a portion of an upper surface of a dielectric 
substrate of the antenna apparatus shoWn in FIG. 6, and FIG. 
9 is an enlarged vieW illustrating a portion of a loWer surface 
of the dielectric substrate of the antenna apparatus shoWn in 
FIG. 6. 
[0119] As shoWn in FIGS. 6 and 7, the antenna apparatus 
101 includes a dielectric substrate 102 having conductor 
layers 121, such as copper-clad ?lms, on both surfaces. The 
dielectric substrate 102 is formed in a rectangular shape, and 
four clearance holes 122 are provided in the vicinities of four 
corners of the dielectric substrate 102. In addition, an 
insertion hole 123 into Which a feeding pin 103, Which Will 
be described later, is inserted is provided at a position that 
slightly deviates from the center of the dielectric substrate 
102. 
[0120] As shoWn in FIG. 8, insulating portions 124 are 
provided in the circumferences of the clearance holes 122 
and the insertion hole 123 on one surface (an upper surface 
in FIG. 6; Which is simply referred to as an ‘upper surface’) 
of the dielectric substrate 102, and the clearance holes 122 
and the insertion hole 123 are insulated from the conductor 
layer 121. MeanWhile, as shoWn in FIGS. 7 and 9, on the 
other surface (a loWer surface FIG. 6; Which is simply 
referred to as a ‘loWer surface’) of the dielectric substrate 














